Characterizations. The morphologies of the samples were characterized by field emission scanning electron microscopy (FESEM; JSM-7001F, JEOL, Tokyo, Japan). The phase structures were characterized with X-ray diffraction (XRD, DX2700, China) operating with Cu Kα radiation (l=1.5418 Å) at a scan rate (2θ) of 1° min −1 with the accelerating voltage of 40 kV. Raman spectroscopy were obtained on a Renishaw 1000 Raman spectrometer with the 514.5 nm excitation line of an Ar ion laser. TEM and high-resolution TEM (HRTEM) images were obtained using a JEM-2100F with an accelerating voltage of 200 kV. The chemical composition was investigated by X-ray photoelectron spectroscopy (XPS) using an ESCALab250 electron spectrometer (Thermo Scientific Corporation) with monochromatic 150 W Al Kα radiation. Specific surface area was calculated by the Brunauer-Emmett-Teller (BET) method from the data in a relative pressure (P/P 0 ) range between 0.05 and 0.20, pore size distribution plots were derived from the adsorption branch of the isotherms based on the BJH model. Thermogravimetric analysis (TGA) measurement was carried out on an EXSTAR TG/DTA 6300 instrument (Seiko Instruments, Japan) in air.
Electrochemical Measurements.
ORR. The electrocatalytic activities of N-PCNFs catalysts towards ORR were measured in 0.1 M KOH solution using CV at room temperature. An ink of the catalyst was prepared by mixing 2.5 mg of catalyst powder with 25 µl of a 5 wt% Nafion solution and 500 µl of ethanol, and further placed in an ultrasonic bath. The RDE measurements were performed in a three-electrode, one-compartment cell at room temperature, equipped with a Pt wire counter electrode and a Ag/AgCl reference electrode. Cyclic voltammograms with a sweep rate of 50 mV s −1 are recorded in the potential range of 0 to -1.2 V versus a Ag/AgCl reference electrode. Linear sweep voltammetry (LSV) was performed in N 2 -saturated or O 2 -saturated 0.1 M KOH. ORR polarization curves were recorded at a scan rate of 10 mV s −1 under various electrode rotation rates (625, 900, 1025, 1600, 2025 and 2500 rpm, respectively).
The RRDE test in alkaline media was conducted using a Ag/AgCl as the reference electrode and a platinum rod as the counter electrode. Before each measurement, 0.1 M KOH electrolyte was bubbled with O 2 for more than 30 min. The RRDE measurements were carried out at 1600 rpm using on a CHI 760 E electrochemical workstation with a RRDE-3A rotator (ALS Co., Ltd).
The electron transfer number (n) was determined from RRDE measurement on the basis of the disk current (I D ) and ring current (I R ) via the following equation: LIBs. The samples were mixed with acetylene black and poly (vinylidene fluoride) (PVDF) at a weight ratio of 8:1:1 in N-methyl-2-pyrrolidone (NMP) solvent to form the slurry. Then, the resultant slurry was uniformly pasted on Cu foil substrate. The as-prepared electrode sheet was dried in a vacuum oven at 120 °C for 10 h and then pressed. The electrolyte consisted of a solution of 1 M LiPF 6 in ethylene carbonate (EC)/dimethyl carbonate (DMC)/diethyl carbonate (DEC) (1:1:1, in wt%). CR2016-type coin cells were assembled in a glove box for electrochemical characterization. Lithium metal foil was used as both the counter and reference electrodes. The charge-discharge measurements were conducted using a cell testing instrument (LAND CT2001A) over the potential range from 0.01 to 3.00 V. Cyclic voltammetry (CV) (0.01 V to 3.0 V, 0.1 mV s −1 ) was performed using on a CHI 760 E electrochemical workstation (CH Instruments, Inc.).
SCs. Two-electrode symmetric supercapacitor systems were used to measure the performance of all the samples as SCs electrodes with 6.0 M KOH solution as the electrolyte. The electrodes were prepared by mixing 85 wt% active material, 10 wt% carbon black, and 5 wt% poly-(vinylidene fluoride) (PVDF) and dried at 80 °C for 5 h under vacuum. The CVs were carried out on a CHI 760 E electrochemical workstation at room temperature and the galvanostatic charge-discharge measurements were made using a cell testing instrument (LAND CT2001A) over the potential range from 0 to 0.8 V. In the two-electrode system, the specific capacity was calculated according to the equation:
in which I (A) is the discharge current, ∆t (s) is the discharge time, m (g) is the total mass of anode and cathode materials, and ∆V (V) is the potential window. 
